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EXECUTIVE SUMMARY

A survey of personnel at USAF ALC and field repaint facilities, identified difficulties being
experienced using NESHAP compliant (high solids) primers. The most prevalent complaint was
the longer dry time to a topcoat condition required by these primers when compared to low solids
primers under other than standard environmental conditions, especially low temperature. The
long dry times slow production and allow time for the wet primers to become contaminated. The
personnel expressed willingness to accept a two-hour pot-life if dry time could be reduced.

Nine different primers, 6 epoxy and 3 polyurethane, were evaluated for “wet” paint
characteristics and final film properties when applied and cured under several environmental
conditions. All of the primers were NESHAP compliant. Two epoxy primers were on the
Qualified Products List (QPL) for MIL-P-23377G. Four epoxy primers were modified by the
manufacturers to achieve faster dry. Two of the polyurethane primers were on the QPL for TT-
P-2760A and one was modified by the manufacturer to accelerate the cure.

Within each primer category, no single prdduct perfonhed best under all environmental
conditions. In all cases, primers with the lower initial viscosity had a lower viscosity after a two
hour pot-life. In general, the primers with the longer pot-life also exhibited longer dry times.

Within each environmental condition, a modified primer was judged to have the best balance
between dry time, pot-life, and film properties. However, substantial differences were seen
between QPL approved products in differing environmental conditions. Individual painting
operations, therefore, have substantial opportunity to improve operations by evaluating the QPL
materials available to them and choosing the material that performs best under their specific
conditions.

Based upon the testing conducted in this project, potential exists for primers to be formulated for
optimum performance under specific environmental conditions. Purchase Descriptions or AMS
Specifications for primers could be developed for primers to be applied under specific
environmental conditions. These specifications should be tailored for dry time and pot-life under
specific temperature and humidity conditions, while maintaining the film performance of the
standard QPL primers.

Based on minimizing dry time and viscosity increase, while maintaining acceptable adhesion,
the best performing primers under each environmental application and cure condition were:

77°F/50% RH — prxy Primer 4 (Sherwin-Williams-modified) offered the best balance of dry
time of 3 hours and viscosity of 32 seconds after 2 hours. Polyurethane Primer 7 (Courtaulds-
QPL) took 6 hours to dry and possessed a viscosity of 14 seconds after 2 hours.

60°F/20% RH - Epoxy Primer 3 (Dexter-modified) offered the relationship of dry time of 9
hours and viscosity of 25 seconds after 2 hours. No polyurethane primer* was found to be
suitable for application under these conditions.

60°F/80% RH — Epoxy Primer 4 (Sherwin-Williams-modified) exhibited a dry time of 6 % hours
and viscosity of 47 seconds after 2 hours. Polyurethane Primer 7 (Courtaulds-QPL) dried in 5
hours and maintained a viscosity of 16 seconds after 2 hours.
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90°F/20% RH — Epoxy Primer 5 (Spraylat-QPL) dried in 3 hours while maintaining a viscosity
of 35 seconds after 2 hours. No polyurethane primer* was found to be suitable for application
under these conditions.

90°F/80% RH — Epoxy Primer 4 (Sherwin-Williams-modified) dried in 2 hours and possessed a
viscosity of 48 seconds after 2 hours. Polyurethane Primer 7 (Courtaulds-QPL) driedin2 %2
hours and retained a viscosity of 15 seconds after 2 hours. e

Unless plural component equipment is utilized, a compromise must be sdught between the time
required to complete the painting operation and dry time considering the painting climate.

No primer was judged the “best” for film characteristic and wet paint property under all
environmental conditions. A more comprehensive test matrix is required to examine other film
properties and determine the optimum primer to use under each environmental condition of
application and cure.

*Polyurethane Primer 7 (Courtaulds-QPL) was very slow drying. Polyurethane Primers 8
and 9 (Deft-QPL and modified) dried fast, but possessed very short pot-life
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1.0 INTRODUCTION

The National Emission Standards for Hazardous Air Pollutants (NESHAP) regulation requires
that all facilities engaged, either in part or in whole, in the manufacture or rework of commercial,
civil, or military aerospace vehicles or components must be in full compliance by September 1,
1998. To achieve this compliance, the use of corrosion inhibiting primers with a maximum
Volatile Organic Compound (VOC) of 340 grams/liter (2.8 pounds/gallon) is required.
Substituting high solids materials in applications where the high solvent versions of these
primers were in use represents a potential reduction of up to 8400 pounds of VOCs per year at

the USAF Air Logxstlcs Centers (ALCs).

Technical problems with high solid, solvent borne primers, both epoxy (MIL-P-23377G Type 1,
Class C, “Primer Coating: Epoxy, High Solids”) and polyurethane (TT-P-2760A, “Primer
Coating: Polyurethane, Elastomeric”), were being experienced at the ALCs, field units, and Air
Education and Training Command (AETC). The objective of this project is to address these
technical problems of high solids primers in order to expedite the transition of reduced VOC
systems to the refinish sites. The long dry time needed before topcoat application increases the
chance for the wet primer to become contaminated. Waiting for a dry to topcoat condition
reduces the productivity of the paint facility. Environmental conditions in the facility affect dry
time. For example, the dry time of polyurethane primers is significantly increased by lack of
humidity, even at elevated temperatures. The higher viscosity of high solids, low VOC primers
contribute to reduced atomization resulting in a pronounced orange peel appearance of the
surface. This resultant orange peel is more apparent when overcoated with high gloss topcoats.
Refinishing facilities are restricted from adding solvent to reduce the viscosity, because the
paints are formulated at the maximum allowable VOC to remain in compliance; any additional

solvent would negate this NESHAP compliance.

2.0 PURPOSE

The purpose of this project was to provide a guide for USAF personnel on dry times of corrosion
inhibiting primers when it is necessary to paint aerospace assets under less than ideal
environmental conditions.

3.0 SCOPE

The effort of this task was to evaluate dry times of primers that comply with NESHAP
regulations. Selected primers from the qualified products list (QPL) for MIL-P-23377G or TT-
P-2760A were evaluated. Also, primers modified by the manufacturers to accelerate the dry time
were evaluated. Seven major primer suppliers on the QPLs were contacted to submit primers
which meet the criteria of reduced dry time to topcoat/tape and a 2-hour minimum pot-life.
Assurances by the pamt ‘manufacturer were requested that these modifications would not be
expected to have a'deleterious effect upon the performance of the primers. However, it was not
the purpose of this task to perform extensive performance testing or to qualify modified
formulations.
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The primer suppliers selected were:

Courtaulds Aerospace Inc. (PRC Desoto Int’l) Spraylat Aerospace Coatings
Deft Coatings Sterling Lacquer

Dexter Aerospace Materials U.S. Paint Corporation
Sherwin-Williams Co o

The primers selected for this task were:

T

SROHNRR w \\9:-:5\‘\\\ AN
%
N

N
RN &.&Q&&\\N\\« SRR SO RN

-P-zssm

K\\\

Dexter ' 10—P20-12

Sherwin- RP2108E90/RP2122V93
Williams

9 TT-P-2760A Modified | Deft 09Y0002FD

Included are 2 epoxy primers on the QPL for MIL-P-23377G and 2 polyurethane primers on the
QPL for TT-P-2760A. Four epoxy primers and one polyurethane primer were modified by their
manufacturer to enhance dry time.

Each of the above primers was evaluated for dry time using the dry time recorder under five
different climatic conditions. This information served as a comparison between the primers from
a QPL and the modified primers. The climatic conditions for these studies were:

2543°C (77°+5°F) / 50+5% RH
1643°C (60°+5°F) / 20+5% RH .
1643°C (60°+5°F)/ 80+5% RH |
3243°C (90°+5°F) / 20+5% RH

3243°C (90°+5°F) / 80+5% RH

During this task, high solids, solvent-borne, chromated primers were evaluated for the following
properties:

1. Measurement of dry time (topcoatability), when spray applied, as a function of

temperature and humidity. The primed panels remained in a paint booth at low airflow
(approximately 45 linear feet/min.) under the above conditions and were topcoated when

4 % .5;:"(’; '
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judged “dry” by operator touch. Primed panels were topcoated with both camouflage and
gloss topcoats under each climatic condition. The gloss topcoat was Deft 03-GY-277,
MIL-PRF-85285C, Fed. Standard 595B 16473. The camouflage topcoat used was Deft
03-GY-321, MIL-PRF-85285C, Fed. Standard 595B 36173.

2. Measurement of dry time as a function of temperature and humidity utilizing the Byk Dry
Time Recorder. The drying tests were conducted by making two drawdowns on glass and
aluminum substrates for each primer. They were cured in an environmental chamber

under the above conditions.

3. Measurement of pot-life, via both Ford #4 Viscometer and Brookfield Rotational
Viscometer, as a function of time, temperature, and humidity. The primers were mixed
and kept under constant agitation in covered containers at each specified environment.
Aliquots were removed and measured for viscosity. Viscosities were obtained
immediately after mix (or after a dwell time as speclﬁed by the manufacturer) and after 1,

2, and 4 hours.

4. Determination of the water resistance as a function of temperature and humidity during
application and cure. This test determines compatibility issues of coating systems
applied and cured at the environmental conditions. Panels were prepared and cured for a
minimum of 14 days under the above climatic conditions and evaluated for water
resistance by immersion in 120°F water for 4 days. Each primer was spray applied to
2024 T3 bare aluminum which had been treated with CCC IAW CTIO LP-002 and
topcoated with gloss topcoat MIL-PRF-85285. Once removed from the water and dried,
the panels were visually inspected for wrinkling, blistering, adhesion loss using cross
hatch adhesion (ASTM D3359, Method A), softening using Pencil Hardness (ASTM D
3363) and other loss of integrity. After 24 hours dry time at ambient room temperature,
modified PATTI pull-off adhesion tests were performed per CTIO LP-013 .

5. Evaluation of color values as a function of temperature and humidity during application
and cure. Each of the primers was topcoated with both gloss and camouflage topcoat.
Topcoats used are stated in Test 1.

40 TEST SUMMARY

41 Dry Time

Details of the dry time when spray applied along with the resultant gloss readings are tabulated
in Table 1. The dry times obtained from the Dry Time Recorder are tabulated in Table 2.

When tested under, Standard Laboratory Conditions (77° F/50% RH) utilizing the Dry Time
Recorder, all of the epoxy primers exhibited a hard dry between 1 and 4 %2 hours. Epoxy Primer
5 (Spraylat-QPL) exhibited the fastest dry time of less than 1 hour. Judging the dry time of the
primers after spray application, little differences were noted and each of the epoxy primers was
topcoated after 3 to 3 2 hours. Polyurethane Primers 8 and 9 (Deft-QPL and modified) exhibited
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the fastest dry tifﬁe utilizing the Dry Time Recorder. Polyurethane Primer 7 (Courtaulds-QPL)
was slowest with a recorded time of over 6 hours. All of the spray-applied polyurethane primers
were topcoated after 4 hours.

13

5%

Among the epoxy primers when spray-applied at 60°F/20% RH, Primer 4 (Sherwin-Williams-
modified) and Primer 5 (Spraylat-QPL) exhibited the fastest dry times, drying in 1 2 hours. The
Dry Time Recorder registered Primer 5 (Spraylat-QPL) to possess the fastest dry time of 6 hours.
Among the polyurethane primers, spray applied under these conditions, Primers 8 and 9 (Deft-
QPL and modified) exhibited the fastest dry times, 4 hours. The Dry Time Recorder indicated
Primer 8 (Deft) to possess the shorter dry time, 12 3/4 hours. Primer 7 (Courtaulds-QPL)
exhibited a very slow dry, failing to dry hard during the 24 hour limit of the recorder.

Among the epoxy primers spray-applied at 60°F/80% RH, Primer 2 (Deft-QPL), Primer 3
(Dexter-modified), and Primer 4 (Sherwin-Williams-modified) dried the fastest in 2 %4 hours.
Primer 4 (Sherwin-Williams-modified) exhibited the fastest dry time utilizing the Dry Time
Recorder, exhibiting hard dry in 6 ¥ hours. Primer 7 (Courtaulds-QPL) dried the fastest among
the spray applied polyurethane primers, drying in 3 % hours; Primer 8 (Deft-QPL) exhibited the
faster dry on the Dry Time Recorder, drying in 3 %2 hours.

Under the environmental conditions of 90°F/20% RH, Primer 4 (Sherwin-Williams-modified)
dried the fastest when spray applied, less than 1 hour. All of the epoxy primers appeared to dry
in less than 2 ¥ hours. Primer 2 (Deft-QPL) recorded the fastest dry time on the Dry Time
Recorder, 2 ¥ hours. The modified polyurethane Primer 9 (Deft) was judged dry in 1 hour after
spray application. The Dry Time Recorder recorded a hard dry of 8 %2 hours for this product.

When spray applied at 90°F/80% RH, no differences were observed between all of the primers,
both epoxy and polyurethane, and all were topcoated within 3 hours. Also, the Dry Time
Recorder recorded few differences.

Usually the Dry Time Recorder registered longer dry times because the primers were applied by

drawdown which maintains higher solvent levels in the film as opposed to spray outs. Less
airflow occurs in the controlied environment chamber than in a spray booth.

.
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4.2  Viscosity and Pot-life

Details of the viscosity data utilizing the Ford #4 cup and pot-life are tabulated in Table 3.
Readings that fail to meet the initial viscosity and 2 hour pot-life are shaded. Most of the short
pot-life readings were recorded for conditions other than standard laboratory conditions

(77°F/50% RH).

Graphs comparing the viscosity of the primers as a fanction of time, temperatdre, and humidity
are charted in Appendix L. '

Rotational viscosities using the Brookfield viscometer are tabulated in Appendix IL. Rotations
were accomplished from 10 RPM to 250 RPM returning to 10 RPM in 40 RPM increments.

Both the viscosity in centipoise and shear stress in dynes per square centimeter are reported. This
illustrates the shear thinning and recovery of the wet primers under the different environmental
conditions. Some epoxy primers exhibited shear thinning. Other epoxy primers were Newtonian
with the viscosity remaining constant at varying shear rates. The polyurethane primers were
predominately Newtonian under all temperature and humidity conditions.

When tested under Standard Laboratory Conditions (77 °F/50% RH) the initial Ford #4 viscosity
of each primer met the appropriate specification requirement for epoxy primer (MIL-P-
23377G)(40 seconds maximum) or polyurethane primer (TT-P-2760A)(30 seconds maximum).
The Ford #4 viscosity of the epoxy primers ranged from 13.8 to 29.1 seconds with Primer 3
(Dexter-modified) being the lowest in viscosity initially and the lowest after 2 hour pot-life (20.6
seconds). After two hours under Standard Laboratory Conditions the viscosities of all of the
epoxy primers remained within the pot-life guidelines of 70 seconds. Primer 7 (Courtaulds-
QPL) possessed the lowest viscosity of the polyurethane primers initially (12.1 seconds) and the
lowest after 2 hour pot-life (14.2 seconds). Primers 8 and 9 (Deft-QPL and modified) exhibited
viscosities exceeding 100 seconds after 2 hours and were solid at 4 hours.

When tested under other environmental conditions, the initial viscosity of each epoxy primer was
within the specification MIL-P-23377G (40 seconds), with one exception - Primer 5 (Spraylat-
QPL) at 60°F/20% RH. 1t had an initial viscosity of 53 seconds using the Ford #4 cup. Under
other environmental conditions, the viscosities of all the primers ranged from a low of 13.8
seconds to the high of 53 seconds. Epoxy Primer 3 (Dexter-modified) possessed the lowest
viscosity in four environments and only slightly higher at 90°F/20% RH than Primer 1
(Courtaulds-modified). Primer 1 (Courtaulds-modified) exhibited slightly lower viscosity under
that condition. The greatest retention of viscosity stability for the polyurethane primers was
Primer 7 (Courtaulds-QPL). In each case the lower the initial viscosity, the lowgr the viscosity
after 2 hours, when tested throughout all of the selected environmental conditions.
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High Solids Primers

4.3 Color

The CIELab color values of the paint system were not affected by the different high solid primers when cured
under the differing climatic conditions.

s . . .
Individual readings for each paint system utilizing each primer at each environment are available in Appendix
II. Using sphere based color spectrophotometer, the color space reported is L* a* b*. The settings were
specular component included, 10°observer, light source D65 (daylight).

4.4 Adhesion and Water Immersion Resistance

Resistance to water immersion varied between the primers tested and with the environmental conditions under
which each was applied and cured. The following observations of adhesion combining, Fed. Test Method Std.
No. 141C, Method 6301.2 and ASTM D 3359, Method A-X Cut Tape Test were made. The final configuration
consisted of 2 parallel cuts with an “X” cut intersecting both parallel cuts. ’

e Primer 1 (Courtaulds-modified) exhibited poor adhesion, with a rating of 1, initially when applied at
standard laboratory conditions. Painted panels with this primer cured under all conditions failed water
immersion attaining ratings ranging from O to 1.

e Primer 2 (Deft-QPL) failed adhesion after water immersion, with a rating of 0, when applied and cured
at 90°F/80% RH.

e Primer 2 and Primer 3 (Dexter-modified) exhibited moderate adhesion (rating 3) initially when applied
at 77°F/50% RH, but improved after water immersion, attaining a rating of 4+.

o Primer 4 (Sherwin-Williams-modified) showed moderate adhesion after water immersion (rating 3)
when applied and cured at 90°F/80% RH.

e Primer 5 (Spraylat-QPL) exhibited good to excellent adhesion. (rating 4+ to 5) both initially and
following water immersion when applied and cured at all five environments.

e Primer 6 (US Paints-modified) showed poor adhesion (rating 0) following water immersion when
applied and cured at 60°F/80% RH.

e Primer 7 (Courtaulds-QPL) and Primer 8 (Deft-QPL) exhibited excellent adhesion (rating 5) initially
and following water immersion when applied and cured under all 5 environmental conditions.

e Primer 9 (Deft-modified) possessed moderate adhesion (rating 3+) initially and poor adhesion (rating 1)
after water immersion when applied and cured at 90°F/20% RH.

Blistering was prevalent among all of the primers. Each primer showed some degree gf blistering when applied
and cured under some environments. See Table 4 for individual occurrences. T

4.4.1 Pencil Hardness

Individual values for each primer when cured under each environment are tabulated in Table 4. This testing was
accomplished immediately after the panels were removed from the water and dried with a towel. In general,
Primer 2 (Deft-QPL) exhibited the lowest (softer) values, ranging from F to 3H; Primer 6 (US Paints-modified)
presented the highest (harder) values for the epoxy primers, ranging from F to 4H. Primer 7 (Courtaulds-QPL) .
was the softest polyurethane primer with values from B to 3H. All of the primers became softer following

water immersion losing an average of 3 pencil hardness units.
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?

442 Modified PATTI Test
Table 4 gives the details of testing accomplished before and following water immersion.

Panels were immersed in deionized water for 4 days at 120°F, removed, adhered to a solid base, and studs
bonded to the paint system. The next day the PATTI values were obtained. The following results were
observed when the coating systems were applied and cured at these environments:

77°F/50% RH - all of the primers performed approximately the same before and after water immersion.
60°F/20% RH - the PATTI values for all the primers dropped substantially between initial and following
water immersion.

60°F/80% RH - the values were mixed.

90°F/20% RH - the values increased significantly between unexposed and exposed panels.

90°F/80% RH - the values decreased significantly for all of the primers.

Graphs in Appendix IV compare the PATTI results of each pﬁmer and gloss topcoat system applied and cured
at each condition without water immersion. Appendix V contains charts comparing the PATTI results of each
primer and gloss topcoat applied and cured at each condition after exposure to water immersion.

dow
4“’
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High Solids Primers

50 SUMMARY COMPARING DRY TIME WITH VISCOSITY STABILITY AND
FILM PERFORMANCE

Table 5 tabulates these observations ranking the epoxy primers and the polyurethane primers
according to dry time and Ford #4 viscosity.

If the predominant environment of application and cure is 77 °F/50% RI;I,@’ﬂMgf the epoxy
primers dried satisfactorily to be topcoated in approximately 4 hours. Primer 3 (Dexter-modified)
was the lowest in viscosity and exhibited the longest pot-life of the epoxy primers. It exhibited
moderate adhesion (rating 3) initially, but improved after water immersion (rating 4+).

Polyurethane Primer 7 (Courtaulds-QPL) required over 6 hours to obtain hard dry, but was
lowest in viscosity and possessed the longest pot-life.

Under low temperature, low humidity (60°F/20% RH), all of the primers required additional time
to dry. Primer 5 (Spraylat-QPL) dried the fastest (6 hours), but was the highest in viscosity and
exhibited a short pot-life. Primer 3 (Dexter-modified) dried in 9 hours and maintained excellent

pot-life.

All of the polyurethane primers cured very slowly, the fastest drying was Primer 8 (Deft-QPL),
which required 13 hours for hard dry and was high in viscosity with short pot-life. Primer 7
(Courtaulds-QPL) did not dry within 24 hours, but possessed excellent viscosity stability. When
Primer 7 (Courtaulds-QPL) was spray applied and cured at low temperature, low humidity, it
was topcoated after 24 hours. When topcoated with gloss topcoat, the appearance was good and
the surface was hard. When topcoated with camouflage topcoat, the topcoat remained soft after
36 hours at ambient room temperature with a mud-cracked appearance. After 72 additional
hours at ambient room temperature the surface was hard, but retained a mud-cracked appearance.

At low temperature and high humidity (60°F/80% RH), epoxy Primer 4 (Sherwin-Williams-
modified) exhibited the shortest dry time and maintained a good pot-life stability, within the
specification.

Polyurethane Primer 8 (Deft-QPL) dried the fastest of the polyurethane primers and
demonstrated a good pot-life. Primer 7 (Courtaulds-QPL) dried almost as fast and was
substantially lower in viscosity.

f""‘“
At high temperature and low humidity (90°F/20% RH), Primer 2 (Deﬁ-Q?L)“ii}ied the fastest,
but possessed a short pot-life. Primer 5 (Spraylat-QPL) dried in 3 hours and maintained good
viscosity stability. !

The polyurethane primers dried slowly with Primer 9 (Deft-modified) drying in 9 hours, but
increased in viscosity rapidly and exhibited poor adhesion (rating 1) after water immersion.
Primer 7 (Courtaulds-QPL) maintained excellent pot-life, but required 15 hours to achieve hard

dry.
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High Solids Primers
At high temperature, high humidity (90°F/80% RH), all of the primers dried between 1 %2 and 2
v hours. Primer 3 (Dexter-modified) maintained the lowest viscosity and pot-life of the epoxy
primers. Primer 7 (Courtaulds-QPL) maintained the lowest viscosity of the polyurethane

primers.

6.0 DISCUSSION

All of the epoxy primers, both modified and QPL, gave similar dry time when evaluated under
standard formulation and qualification conditions (77 °F/50% RH). At different application and
cure conditions,/ howeyer, performance varied significantly between the materials, with no
particular pattern, and no particular primer proving superior in all cases. No one epoxy primer of
the 6 tested was best under all conditions.

Under the environmental condition of 77°F/50% RH, all of the epoxy primers dried satisfactorily
to be topcoated in approximately 4 hours. Film performance properties of all but one were also
very similar. Primer 1 (Courtaulds-modified) gave poor adhesion under all application/cure
conditions. Primer 3 (Dexter-modified) was the lowest in viscosity (13.8 seconds) and exhibited
the lowest viscosity (20.6 seconds) after 2 hour pot-life of the epoxy primers. Primer 3 exhibited
moderate adhesion (rating 3) initially, but improved after water immersion. '

Under low temperature, low humidity (60°F/20% RH), all of the primers required additional time
to dry. Epoxy Primer 5 (Spraylat-QPL) dried the fastest (6 hours measured using the Dry Time
Recorder), but was the highest in viscosity (53 seconds) and exhibited a short pot-life with
viscosity exceeding 100 seconds after only 1 hour. Primer 4 (Sherwin-Williams-modified) dried
in 9 hours, measured by the Dry Time Recorder, and exhibited a short pot-life (100+ seconds
after 2 hours). Both were judged dry by the painter when spray applied after 1.5 hours. Primer 3
(Dexter-modified) maintained a lower viscosity after 2 hour pot-life (25 seconds), dried in 9
hours using the Dry Time Recorder, and was judged dry by the painter when spray applied after
6 hours.

Under low temperature and high humidity (60°F/80% RH), Primer 4 (Sherwin-Williams-
modified) exhibited the shortest dry time (6.5 hours) and maintained a good pot-life stability
(46.9 seconds), within the specification.

Under other than standard conditions, the pot-life of the various epoxy primers is inconsistent,
with no material exhibiting satisfactory performance across all conditions. The 60°F/20%RH
environment was the most difficult in which to achieve a viscosity of less than 70 seconds on the
Ford #4 cup after a 2 hour pot-life. All 6 epoxy primers exhibited satisfactory viscosity on the
Ford #4 cup after 2 hour pot-life under 60°F/80% RH environmental condition.

Under high tempergtiir‘e“y‘and low humidity (90°F/20% RH), Primer 2 (Deft-QPL) dried the fastest
(2.6 hours using the Dry Time Recorder and 1 hour when spray applied), but possessed a short
pot-life. Primer 5 (Spraylat-QPL) dried in 3 hours using the Dry Time Recorder and 2.3 hours
when spray applied, while maintaining good viscosity stability. All of the epoxy primers where
judged dry by the painter when spray applied after 2 ¥ hours. The Dry Time Recorder registered
a hard dry for all of the primers within 6 hours ranging from 2.6 hours to 5.8 hours.
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Under high temperature, high humidity (90°F/80% RH), all of the primers dried between 1 2
and 3 hours. Primer 3 (Dexter-modified) maintained the lowest viscosity and pot-life of the
epoxy primers. The initial viscosity was 14 seconds and increased to 44 seconds after 2 hour
pot-life. The only other primer to perform under this condition was Primer 4 (Sherwin-
Williams-modified). All of the other epoxy primers had a very short pot-lifg.sr exhibited poor
adhesion. %

These inconsistencies are the result of a complex function of the influence of temperature and
humidity on physical and chemical properties of the coatings in the bulk and applied phases. In
general, the rate of cure of epoxy coatings is inversely proportional to humidity, and directly
proportional to temperature. Higher temperatures and lower humidities will also result in faster
solvent evaporation, leading to a faster apparent dry time for any particular formulation. Any
particular formulation, at a particular state of cure will exhibit higher viscosity at lower
temperatures.

Different materials developed to meet a set of dry time and pot-life performance specifications
under one set of environmental application and cure conditions vary widely when these
conditions are changed. This is not a reflection on the quality of any formulation, but rather a
result of the particular choices in materials used to formulate the coating to meet established
specifications.

A modified epoxy primer was ranked higher than either of the QPL primers tested under all but
one of the environmental conditions (90°F/20% RH). Clearly, primer modifications show
promise of reducing dry time, possessing low initial viscosity and retaining sufficient viscosity
stability to provide a 2 hour pot-life. However, Primer 1 (Courtaulds-modified) exhibited poor
adhesion under all application/curing conditions. This underscores the need for complete
qualification testing of any modified formulation considered for use.

From the different results seen with the two epoxy primers on the QPL for MIL-P-23377G it is
apparent that individual installations painting under conditions closer to those represented by the
corners of the environmental envelope will experience different dry times. They may find that
QPL approved materials from some manufacturers could meet their specific needs better than
others, although as environmental conditions change throughout the year at a given location (i.e.
summer vs. winter) the performance of material from a particular source may change.

When tested under 77°F/50% RH, polyurethane Primer 7 (Courtaulds QPI{,;;_){i‘éuauired over 6
hours to obtain hard dry, but was lowest in viscosity (12.1 seconds) and possessed the lowest
viscosity after 2 hours pot-life (14.2 seconds). ‘

Under low temperature, low humidity (60°F/20% RH), all of the polyurethane primers cured
very slowly, the fastest Primer 8 (Deft-QPL) required 13 hours for hard dry and was high in
initial viscosity (28.7 seconds) with short pot-life (over 100 seconds viscosity after 2 hours).
Primer 7 (Courtaulds-QPL) did not dry within 24 hours, but possessed excellent viscosity
stability, with an initial viscosity of 13.1 seconds and 13.4 seconds after 2 hour pot-life.
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Under low temperature, high humidity environmental condition (60°F/80% RH), Primer 8 (Deft-
QPL) dried the fastest of the polyurethane primers, drying in 2.4 hours, and demonstrated a good
viscosity stability increasing from 26.7 seconds initially to 63.2 seconds after 2 hour pot-life.
Primer 7 (Courtaulds-QPL) dried almost as fast (4 hours) and was substantially lower in

viscosity, increasing from 13.1 seconds initially to 16.1 seconds after 2 hours pot-life.

Under high temperature, low humidity environmental condition (90°F/20% RH), the
polyurethane primers dried slowly with Primer 9 (Deft-modified) drying in 9 hours, but
increasing in viscosity rapidly from 20.8 seconds initially to over 100 seconds after 2 hour pot-
life. Primer 7 (Courtaulds-QPL) maintained excellent viscosity stability increasing from 12.2
seconds initially,to '16.7 seconds after 2 hour pot-life. It required 15 hours to achieve hard dry.

a 1
Under high temperature, high humidity environmental conditions (90°F/80% RH), all of the
polyurethane primers dried between 1 1/2 and 2 1/2 hours. Primer 7 (Courtaulds-QPL)
maintained the lowest viscosity of the polyurethane pnmers increasing from 11 seconds initially
to 15 seconds after 2 hour pot-life.

The results seen from the evaluation of the polyurethane primers show the drying time is very
susceptible to changes in moisture content of the air. Again, different formulations are affected
differently. At standard conditions of 77°F/50% RH, both the QPL materials tested were very
similar in dry time and film performance properties. The dry times of both were increased under
low humidity conditions, but under low temperature and low humidity, Primer 7 (Courtaulds-
QPL) dried substantially slower (well over 24 hours) than the Primer 8 (Deft-QPL). However,
Primer 7 (Courtaulds-QPL) exhibited excellent pot-life under all environmental conditions, while
the Deft primers, both QPL and modified, were borderline at best. Primer 9 (Deft-modified) did
exhibit faster dry time, but at a significant sacrifice in pot-life.

As with the epoxies, there appears to be a potential for improvement of operations through the
selection of QPL primers whose performance characteristics fit best with the conditions of
application. A conscious trade-off must be evaluated between dry time and pot-life under the
specific conditions encountered in the facility.

Modified epoxy primers show promise to reduce the dry time, possess low viscosity, and retain
viscosity stability over a 2 hour pot-life. Additional testing is needed to determine other
rheological characteristics and explore additional film properties.

For the polyurethane primers, Primer 7 (Courtaulds-QPL) maintained the lowest viscosity and
longest pot-life, but was very slow drying in the absence of humidity. Even at 50% RH it dried
slowly. At 80% RH, Primer 7 exhibited adequate dry times, and maintained stable viscosity.

The Deft polyurethane primers appeared to be less sensitive to the lack of humidity, but the
viscosity was hxgher initially and climbed rapidly, exhibiting poor pot-life. The modified version
offered little advaﬁlage

In general, the longer the pot-life or viscosity stability as a function of time, the longer the dry

time. It is then necessary to make a compromise and choose the most desirable property, taking
into consideration the other innate properties. If two-component equipment is available, pot-life
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is less important. The length of time to perform the painting operation may be of prime
consideration. ’

7.0 CONCLUSIONS

Based on dry time and viscosity data, mindful of adhesion data, the best performing primers
under each environmental condition were: ” ""‘

77°F/50% RH — Epoxy Primer 4 (Sherwin-Williams-modified) offered the balance of dry time
of 3 hours and viscosity of 32 seconds after 2 hours. Of the epoxy primers tested on the QPL,
Primer 2 (Deft) would be the best choice due to viscosity increase of Primer 5 (Spraylat) epoxy

primer.

Polyurethane Primer 8 (Deft-QPL) dried in 4 hours, but had a viscosity greater than 100 seconds
after 2 hours. Primer 7 (Courtaulds-QPL) took 6 hours to dry, but possessed a viscosity of 14
seconds after 2 hours. None tested meets the criteria of 4 hour dry time and 70 seconds after 2
hour pot-life.

60°F/20% RH — Epoxy Primer 3 (Dexter-modified) offered the relationship of dry time of 9
hours and viscosity of 25 seconds after 2 hours. Neither epoxy primer on the QPL was suitable
due to rapid viscosity increase after 2 hour pot-life.

Polyurethane Primer 8 (Deft-QPL) dried in 13 hours, but reached a viscosity of 96 seconds after
only 1 hour. No polyurethane primer tested was suitable. ‘

60°F/80% RH - Iépoxy Primer 4 (Sherwin-Williams-modified) exhibited a dry time of 6 2
hours and viscosity of 47 seconds after 2 hours. Of the epoxy primers on the QPL, Primer 2
(Deft) would be the preferred choice.

Polyurethane Primer 7 (Courtaulds-QPL) dried in 5 hours and maintained a viscosity of 16
seconds after 2 hours. It would be the preferred choice.

90°F/20% RH — Epoxy Primer 5 (Spraylat-QPL) dried hard in 3 hours while maintaining a
viscosity of 35 seconds after 2 hours, making it the first choice.

Polyurethane Primer 9 (Deft-modified) dried in 8 '% hours, but was solid after J.hour. No
polyurethane primer would be suitable. » T

90°F/80% RH — Epoxy Primer 4 (Sherwin-Williams-modified) dried in 2 hou.'r’é and possessed a
viscosity of 48 seconds after 2 hours. Neither of the epoxy primers on the QPL tested possessed
suitable viscosity stability after 2 hour pot-life.

Polyurethane Primer 7 (Courtaulds-QPL) dried in 2 %; hours and retained a viscosity of 15
seconds after 2 hours. It would be the preferred choice.
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High Solids Primers

The potential exists for primers to be formulated to achieve optimum application characteristics
and performance under specific environmental conditions. The development of Purchase
Descriptions or AMS Specifications for such materials would provide the US Air Force the
opportunity to improve painting operations in those locations where environmental conditions
vary significantly from the standard laboratory conditions under which primers are developed
and qualified. .

. M@.

el

8.0 RECOMMENDATIONS

DISCLAIMER:

e USAF does not endorse any one qualified product over another.

* Products evaluated were used under conditions for which they were not qualified.
* Painting is best accomplished in the middle of the range of discussed conditions.

As observed, even during this limited testing, no primers performed the “best” under all
environmental conditions. Properties of the wet paint and film characteristics varied between the
primers and between the five environmental conditions. Each primer exhibited strengths and
weaknesses.

Dominant painting conditions dictate the benefit that would be derived from specific primers for
specific environmental conditions. Purchase Descriptions for primers to be applied under
specific environmental conditions could be developed by the USAF. Any such Purchase
Descriptions would specify the environmental conditions and the drying and pot-life expected
under those conditions as well as the same film performance requirements of the standard QPL
specifications. Development of an AMS Specification would be another avenue that could be
pursued. '

Additional testing is needed to determine the optimum desired film properties and the wet
properties of the primer under predominant painting conditions.
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